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Lepton Flavour Universality

o Standard Model features Lepton Flavour Universality (LFU): accidental symmetry of the SM

o Equal electroweak coupling of gauge bosons to all charged leptons.

° Difference in dynamics driven solely by the
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o In this presentation: intriguing hints of anomalies in b-hadron decays observed by different experiments in
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The experimental scenario

Large Hadron Collider (LHC) High Luminosity LHC (HL-LHC)

FCCee
| Run1 | L Rwn2 R3] 183 |54 | Run5
7 TeV— 8 TeV— 13 TeV =— 13.6 TeV m— 14 TeV
LHCb 9 fb-1 m—] Upgrade | 35 b =—y Upgrade Ib Upgrade I 300 fb-! ——p GPD
ATLAS/CMS 190 fb~" ey 450 fb™' ey 3000 fb™!

9 First data @13.6 TeV registered the 5th of July 2022!
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HERE

LHCDb Run 3 + 4: [LHCb Upgrade Physics Document]

* Major upgrades of all sub-detectors
Lpeak = 2x10%°3cm™s™1, # of pp interactions ~5
* Fully software trigger, readout @40MHz, hadronic yield x10 relative to Run 2 [CERN-LHCC-2020-006]




Flavour physics @LLHCb Run 1-2

Single arm spectrometer designed for high precision flavour physics
measurements [J. INST. 3 (2008) S08005]

* Pseudorapidity range 17 € [2,5]

. . LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2018
o # of Primary Vertices ~ 2 o T swees
= 9 = 2017 (6.5+2.51 TeV): 1.71 /fb + 0.10 /fb 2
T F e
° Decay time res: ~45 fs z 8- /
8 7; 2011 (3.5 TeV): 1.11 /b 2.
. € = 2010 (3.5 TeV): 0.04 /fb
o IP res: ~20 um for high pr 3 Runl 3 b /
®  5F ?
° E "
o Highly etf. Particle IDentification |8 - /&8 TeV =
0 3E Y .
. k> = 1
o Excellent primary and secondary |8z // m0.2,6.fh
. g 13 TeV
vertex reconstruction E E
0_2010 _2011 2012 2013 2014 2015 2016 2017 2018
[INT.JMOD.PHYS A30 (2015) 1530022] Ve
M2 \\\
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e =1 i | A\
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LLEPTONS RECONSTRUCTION @I.HCh

% 1;: LHCb 3
° Dedicated muon chambers ~ 12: o Higher occupancy in calorimeter
o Clear trigger and PID ° 1%: : o Higher trigger thresholds than for u
° Very efficient tracking system 8:25: J /. lli Y(15)Y(25) E ° Bremsstrahlung emission:
o Very good di-muon resolution 85: 1/)-(25) o Y(35') o |: o Degradation of B mass resolution
10* 10° o Large partially reconstructed bkg

[INT.J].MOD.PHYS A30 (2015) 1530022] m [MeV/c?] o Recovery not 100% efficient
0

ECAL
tic field A2l Jation \“'0‘.“,.‘7.\--.“-‘2’:\-‘?
.. + +at magnetic fie trap0 |
o Missing energy from v T o pt(et)w 17.39(.82) + 0.04 e
degrading the resolution Tt oty 10.82 + 0.05 .
tt > 1t 25.49 + 0.09
° T vertex not easy to -
: A + +
identify in prompt decays T =>r v 9.26 £ 0.10
back q ™ >ty 9.31 + 0.05 Eloct y
o More backgroun N
) ™ >ttt nlv 4.62 + 0.05

polluting the mass distr. JINST 14 (2019) P11023]
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Rare decays as probe for NP

o Rare FCNC decays are loop-suppressed in the SM
(B~107° — 1077 or less)

o New heavy particles (NP) can significantly contribute, affecting

decay rates and angular distributions

Intriguing tensions w.r.t. the SM, e.g.

O

[PRL 125 011082 (2020)]

o Branching fractions, eg Bd — ¢putu~
[PRL 127 151801 (2021)]

o Tensions at 1-3 o

o But: sizeable hadronic theory uncertainties
of SM predictions, more data always welcome
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Photon pole 1 Spectrum

enhancement I/’(,b(lS) dominatehd by .
(no pole for HV / ?:Sr;%vavnccezasrmon|um
B—P¢¢ decays) \ ces.

vetoed in data

c?) wﬁ'

N A () (r)
C.E.)ng) Cg and C10
interference Long distance
contributions from CC
above open charm
\ b o Form-factors from
b e 4

T Lattice QCD

Form-factors
from LCSR
calculations

parameterisation

4[m(p)]? — 5 ¢*=m(l1)?
g% = m(£*t¢7)?, inv. mass of di-lepton system

Cis the LH (RH) Wilson coefficient with:

=7 Photon penguin
/=S,P (Pseudo)scalar penguin

7=9,10 EW penguin

Tests of LFU @ILHCb

o Double ratio of the rare to the J /Y reduces syst. unc.
(LFU established at %o level [PDG 2022]):

R, = B(B -» Hsu"u™) o B(B » Hg]/y(eTe™))
B(B — HseTe™) B(B - HiJ/Y(uTp~))
=1+ 0(1%) [Eur. Phys. J. C 76, 440 (2016)]
with H, = K*,K*%, KQ,K**, ...

° In order to remove long distance effects
(.e. b = (c€ » €7£7)s) the narrow charm. resonances are
vetoed and used to validate the analysis: 77y, - Ry (25

o Hadronic uncertainties cancel in the ratio

o Main complexity: muons and electrons behave very
differently in the detector, but double ratio helps.

o Blind analyses




Analysis validation

° Validation using ratio of resonant branching fractions

_ BBy~ He] /Pp(u*u™))
B(B, = HsJ/Y(ete™))

and

_ B(Bg = Hsp(2S)(u" 1))

 B(By ~ Hsp(25)(ete™)) i

o Using the analysis of Rk as an example [Nat. Phys. 18, 277-282 (2022)]

Single ratio of branching fractions
o Probe electrons directly versus muons
o Limited cancellation of systematics= Stringent validation

° 17y = 0.981 £ 0.020 (stat @ syst)

o Independent of kinematics

TJ/

NECT: — .
2 LHCb )
~ 4
vV 1.05 | .

1.00 [~

0.95 :

[Nat. Phys. 18, 277282 (2022)]
0.90 - ' '

0 5000 10000

15000
pr(B") [MeV/d]




Analysis validation

° Validation using ratio of resonant branching fractions

N B(By = HsJ /(e 1))
IV ™ BB, > HJ [(e*te™))

and

Ry sy =

B(Bq - Hp(25) (u*‘u'))

-1

o Using the analysis of Rk as an example [Nat. Phys. 18, 277-282 (2022)]

Double ratio of branching fractions
o Measured like Ry

o Same cancellation of systematics

° Ry(z2s) = 0.997 £ 0.011 (stat D syst)
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Measurement of R+

o Decay used: BY - K1 £%¢~
o Measured in g% € [1.1,6.0 GeV?/c*]
o Using Runl + Run 2, but still statistically limited

° Biggest systematic: fit model ~1%

° 17 = 0.981 + 0.020 (stat € syst)
° Ry2s) = 0.997 £ 0.011 (stat @ syst)

Result
o Rp+ = 0.84610032(stat) 313 (syst)

o Tension of 3.10 wrt the SM
[Nat. Phys. 18, 277-282 (2022)]

resolution due to bremsstrahlung emission & recovery
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Measurement of R K

o Decay used: B - Kd¢1 ¢~
o Measured in g% € [1.1,6.0 GeV?/c*]
o Using Runl + Run 2, but still statistically limited

o Biggest systematic: simulation size ~2-3%

° 179 = 0.977 + 0.008 (stat) + 0.027 (syst)
° Ry(osy = 1.014 +0.030 (stat) + 0.020 (syst)

First observation of rare electron mode
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Result
° Ry = 0. 667029 (stat) 292 (syst)

o Agreement with SM at 1.50 level

[PRL 128, 19 (2022)]
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Measurement of R o

o Decay used: BT = K™ ¢t ¢~
o Measured in g% € [0.045, 6.0 GeV?/c*]
o Using Run 1 + Run 2, but still statistically limited

o Biggest systematic: simulation size ~2-3%

° 17y = 0.965 + 0.011 (stat) + 0.032 (syst)
° Ry(asy = 1.017 +0.045 (stat) + 0.023 (syst)

Result
o R+ = 0.701013(stat)*) 02 (syst)

o Agreement with SM at 1.40 level [PRL. 128, 19 (2022)]

First observation of rare electron mode
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Measurement of Ry
40 Total fit 7]
o Decay used: A, & pK €7~ A

B’ 5 K*K ete™ ]
A\, > pK nlete
W A, o pKJ /Y

Combinatorial

o Measured in g2 € [0.1,6.0 GeV?/c*] and
m(pK~) < 2600 MeV/c?
o Using Run 1+2016, still statistically limited
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° Biggest systematic: fit model ~5% 5000 5250 5500 5750 6000 6250
m(pK e"e™) [MGV/CQ]
T B B L R R R R
S 150 - LHCb .
1 % - Data 5fb ! 1
P Total fit
° 1 1 0.96 £ 0.05 (stat @ syst) % D | AbipK .
: : : .. 2100 B> K'K p'p -
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<
g,
Result € 50 -
<
©
° Rpg = 0. 861011 (stat) + 0.05(syst)
o Agreement with SM at <10 level D30 5400 5500 5600 SO0 5800 - 5900
[JHEP 05, 040 (2020)] (K-t u-) [MeV/e




Measurement of R 1+

o Decay used: B - K*0¢%¢-
o Two separate q-regions:
o g% € [0.045,1.1] GeV?/c* : low g?
o g € [1.1,6.0] GeV?/c*: central g*
o Using Run 1, still statistically limited

° Biggest systematic:
o low q?: simulation calibration (2-5)%

o central q?: residual backgrounds 5%

° 17,y = 1.043 £ 0.006 (stat) + 0.045 (syst)

° Ry (2s) compatible with unity whitin 1o

25 N LU EL RN LR A A A A
= 2 LHCbh

% . central-q 3 Data 3b-! ]
S i Total fit

= N B - K*e¢te
— B — Xetem ]
920 B - K*J/y
% Combinatorial |
:'9 J
"O d
510 2
® 1

| B e

2500 4750 5000 5250 5500 5750 6000
m(Ktr~ete™) [MeV/c

Results for R %0

low g2: 0. 66+8 11 (stat) + 0.03(syst)
central g2: 0.697)-31(stat) + 0. 05(syst)

o Tension with SM at 2.10 and 2.40 level

[JHEP 08, 055 (2017)]
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@ Ry [Nat. Phys. 18, 277-282 (2022)] R,k [JHEP 05 (2020) 040]
9 Ry [PRL 128, No. 19] HH Ry [JHEP 08 (2017) 055]
Ry-+ [PRL 128, No. 19]
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[S. Schmitt talk @ICHEP 2022]

b - sf™f~summary

o Intriguing tensions observed in some channels

Needs confirmation with a larger dataset!

°© Most results from partial LHCb dataset

° In particular, LHCD is currently focused on a
combined measurement of Ry+ and R0 with
the Run 142 legacy dataset

o This leads to a deeper understanding of systematic
effects which will be reflected in the final result.

o Please be patient for the final results!

° Measurements of Ryg, Rg, Rgrr and more with
full 9 fb~! dataset ongoing
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P'rojecti'on for a vector-axial-vector NP contribution

1
1
bt | Rg
ot i Rg
ooy iRy
Projection for a vector NP contribution E
=] 1
1
—~ e
—— :
Projection for the SM E
i
=
1
1
Current LHCb Data i
_— i
2 1
1
1
1 1 1 1 1 1 1 1 1 1 :
0.6 0.8 1.0
Rx
[LHCb Upgrade II TDR]

Future prospects

° Precision on Rg and R g+o will be ~2.5%
and 2% with ~23 fb~1 and ~50 fb~1

° Projected sensitivity with the LHCb
Upgrade II detector, with ~300 fb™1

o Huge samples of rare electron modes
available in Upgrade II Ng+,+,-~46 000,
N g0+ ,—~20 000

o Ultimate precision on Rg and R g+o will
be better than 1%

[LHCDb Upgrade Physics Document]
PUB-2018-009
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Ratios sensitive to possible NP coupling

generation (e.g. Leptoquarks):
[PRL 116, 081801, PRD 94, 115201]

mainly to the 3rd

d d

BO

b \\c

Tests of LFU @LHCb

o LFU probed using the ratio:
B(H;, - H.tv.
R(HC) _ ( b c _r)
B(Hp » Hctvy)
with H, = D**, D% DT, D;',/lj,]/ll) ... and
Hy, = B®,B), B{,), A}, , but LHCb could also
CXplOit Eb' 'le etc

© BS(')' B(-l-c),/lb o Eb,ﬂb Oﬂly at LHCb
o £ = u LHCb, £ = e/u B-factories

° Neutrinos not detected, approximations
used for signal reconstruction and large
MCs needed for template shapes

o Semileptonic decays theoretical predictions
are precise (%o level)

o Large BR

19




Current experimental status R(D) — R(D™)

Belle and BaBar saw hints since ‘12. LHCb now a major playet.
LHCDb has performed analysis of R(D™) only

0 *_+ S [~ T T T T T T T T T ]

R(D*) = B = 0w LAY ] oo

s ; —

B(BO - D 'u+vl~¢) [ LHCb15 .

- - //f—\x\\BaBarm ]

. — 30 ‘ \ —

with muonic 7% - p*v, 7, using Run 1: £ R e e ]
R(D*) = 0.336 + 0.027 + 0.030 o3 [0 \? | E
[PRL 115, 111803 (2015)] - Phvenge :
2.16 above SM 0.25 — | % Bellely —SSURES Bellel5 _:
E {_Bclicﬁ cton T2 Vf\{/ﬁ;l)d:%vggéeo 026+0.014 E

With 3-prong hadronic T+ - m*m~m* (%) V; using Run 1: 02 Fimiinmer oo A
R(D*) = 0.280 + 0.018 + 0.026 + 0.013 PRI v PP, ... LI :
[PRL 120, 171802 (2018)] [PRD 97, 072013 (2018)] b 03 0 RO

lo above SM
* All measurements are above SM predictions.
* Deviation of R(D) and R(D™) combination from SM predictions ~3.3¢
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Current experimental status R(A7)

LHCDb has performed analysis of
B(AY - AfT7v,)

350 LHCb A0 > AT,

3 fb!

100

Combinatorial

R(A}Y) = 0.242 £+ 0.026(stat) + 0.040(syst) + 0.059(ext)*

%
R(AT) = N = 346 + 40
( C) B(A% N A-é-#_ﬁu) % 300 — Data
O
= 250 — Total model
* First LFU test in a baryonic b — ¢fv decay ® soof ERA-A.
* Initial state spin /2 = could couple to different physics beyond the SM =~ A ADI(X)
« 150 -0
*  With 3-prong hadronic 7~ - n¥tn~ 7~ (%), using Run 1: § B AT %)
g
=
3]
@)

[PRL 128, 191803 (2022)] 50

 To be compared with the SM prediction: R(A%) = 0.324 + 0.004 : - 5 e

LHCb R(A) [PRD 99, 055008 (2019)]
- | LHCH-PAPER-2021-044 g* [GeV?/ 4
0.242 +0.026 = 0.040 = 0.059
it i i Agreement with SM First observation of A} - Aft7;
PRD 99 (2019) 055008 . . . e
with input from within 1o with 60 significance
PRD 92 (2015) 034503
e ooy | |()'3|241]()'(1H IR
0.2 0.3 0.4 0.5

* Measured relative to A = A¥3m »

R(A))




Current experimental status R (J / Y)

LHCDb has performed analysis of

B(B; - ] /Ytrvy)
B(Bc+ _)]/lp.u-l_vu)

*  With muonic Tt - ,u+vﬂ171 using Run 1:
R(J/Y) = 0.71 £ 0.17(stat) + 0. 18(syst)
[PRL. 120, 121801 (2018)]
* 'To be compared with the SM prediction: R(J /) = 0.2582 + 0.0038

LHCb

S
o

N
S
(e)

RU/M) =

Candidates / ( 0.6 GeV?*/c*)
S g
o o

—
=

1
—— Data
Mis-ID bkg.
J/iy comb. bkg.
B — X (IP)l v,
B B - J/l/} 'V,

W B — Imputy,
B J/yy +u comb. bkg.
B 8. — J/yH!
B B; — p(2S)I'y,

ul IIIIIIIIIIIIIIIIIIIIIIIIIII

[PRL 125, 222003 (2020)] o s

o VN o T P ——
LHCb R(J/y) -5 5 5
PRL 120 (2018) 121801 ur =
0.71+0.17+0.18 mlss [GCV2/04]
- 20 above the SM
SM prediction
PRL 125 (2020) 222003
B - J/ypttv, = 1400 £+ 300
[ 1 1 1 1 l 1 1 1 1 I 1 1 | 1 I
0.5 0 0.5 I Obs.erv.a.tlon of Bf -] /}/)T*Vr with 30
R/ y) significance accounting also for

systematics
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Prospects -
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systematics scenario -
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LHCb plans to include also: oy
° R(D™)

R(D") —(e—p)
Combined R(D™) — R(D°)

Upgrade 11

o

Total uncertainty [%]
0

o

o[ LHCb
o R(D™) | unofficial enier £ TRt :
O 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
%
* R(Ds) TITITTITIIFFFFSFTITFLEFTFSTES
TR TR VRS TR PR L TS S TR T A T T T TG TR RS TR TG T TR e TS T A

o

R(AL)

[Rev. Mod. Phys. 94, 015003][arXiv:1808.08865]

Exploring new observables beyond the branching fraction ratios, e.g. angular observables to determine spin
structure of potential new physics

* Irreducible systematic uncertainty of 0.5% on R(D (*)) and 2% on the other ratios 23




o

o

o

o

Conclusions

LHCDb has measured several LFU observables.
Intriguing in some b-hadron decays, powerful probes of the SM!
More measurements using full Run 1+2 dataset in preparation and using new channels.

Most analyses are statistically dominated: data from the LHCb upgrade will further improve these measurements,
helping claritying the picture.

, hopefully exciting news soon!!

If true, hugely important for the future development of high-energy particle physics, providing a clear target for
future searches at energy frontier... exactly what’s missing right now!

... but even if not confirmed, they serve as a good example of the potential of
Flavour Physics at Upgrade II to probe beyond the energy frontier.
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attention!
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“Welcome! Today’s topic is ‘How To Give A
Presentation Without Losing Your Audience’s
Attention’. The End. Thank you for coming.”
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B-anomalies and neutrino interplay
{

o Impact of lepton flavour universality violation on CP violation sensitivity of long baseline neutrino
oscillation experiments [https://arxiv.org/abs/1701.00327]

°© Combined explanations of B-physics anomalies: the sterile neutrino solution
[https://atxiv.org/abs/1807.10745]

° Anomalies in (semi)-leptonic B decays and possible resolution with sterile neutrino
[https:/ /atxiv.org/abs/1702.04335]

o Leptoquarks in Flavour Physics and the anomalous magnetic moment of the muon
[https://arxiv.org/abs/1801.03380]

o Synergy and complementarity between neutrino physics and low-energy intensity frontiers
[https://atxiv.org/abs/1712.05947]

o B-physics anomalies: a guide to combined explanations [https://arxiv.org/abs/1706.07808]

° And many more!
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Uperade IT expectations for R(K™)

Nominal NP

scenario

Right-handed

components

(0]

(0]

(0]

(0]

04

——— .
LHCb Upgrade 11 ?— [i,ZJ
Scenario-I - « [16]
—— RQ [1,6] ACg:—1,4
LHCb Upgrade 11
Scenario-II ACo = —0.7
ACyo = +0.7
LHCb Upgrade I -
Scenario-III ~  AC)=+03
—— ACjy =+0.3
LHCb Upgrade 11 Py
Scenario-IV ~ A Cg e
LHCb Run 1
I T |
RX

Ultimate precision on Ry g+ will be better than 1%

Projections don't include improved ECAL for Upgrade 11

Expected yields
Yield Run 1 result 9fb~! 23fb=' 50fb=1 300fb~!
BT 5 Ktete 254 +29 [272] 1120 3300 7500 46000
B%— K*0¢te 111 + 14 [273) 490 1400 3300 20000
BY— gete” - 80 230 530 3300
A)— pKete™ - 120 360 820 5000
BT > ntete - 20 70 150 900
Rx precision Run 1 result 9fb~! 23fb=' 50fb=1 300fb~!
Rk 0.745 £ 0.090 £ 0.036 [272] 0.043  0.025  0.017 0.007
Rjexo 0.69+£0.11£0.05 [273] 0.052  0.031  0.020 0.008
R, ~ 0130 0.076  0.050 0.020
Ryi ~ 0105 0.061  0.041 0.016
R, ~ 0302 0.176  0.117 0.047

Huge samples of rare electron modes available in Upgrade II Ny +,+,

—~46 000, N 0,4+,

Expected Ry uncertainties

~20 000

Different Ry allow to probe different combinations of Wilson coefficients, separation of NP scenarios possible!

[LHCDb Upgrade Physics Document]

PUB-2018-009 (in preparation)

28




o

o

o

Upgrade 11 sensitivity with B® - K*%u*tu~
Run 3 Upgrade I g
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Expect ~440 000 B® - K*%u*u~ candidates in Upgrade II (roughly Run 1 statistics for tree-level charmonia modes)
Allows for determination of angular observables with unprecedented precision
Diftferent NP scenarios can be cleanly separated

q?-unbinned approaches allow to better exploit the data [JHEP 11 (2017) 176]
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Upgrade 11 prospects

Upgrade II: new observables beyond the BF ratio

_ () , e Kinematics of B » DWWty tully described by dilepton mass,
o Bxpect O(10 M) B - DYtV candidates

and three angles, ¥, 0; and 84 (better resolution)
© SCﬂSitiVity Upgf 11: G(RD*)/ RD* ~1%

£ 0.045F 2 007F
o o  eang = — = C
o Angular analysis would allow to determine = 0.04 £ LHeb simulation B - D*TV | 3 0.06 | LHCb Simulation
: . o 20.035 — . |z i
spin structure of potential NP contribution £ o0.03E B->D'uv| g o005+
I'e] ' E o] r
< 0.025F < 004
0.02F 0.03F
0.015F :
0.02F
0.01F :
0.005 E- 0.01%
) 0 i T g o fagu wleq i L oh ; Fh g Ceg oy Pg g T ige |
B = 4 D 1 2 3 3 -2 = ® 1 2 3

x resolution (rad) 0, resolution (rad)

Upgrade II: exploit other b-hadron species

* Semitauonic decays of b-baryons and of BZ mesons

[ + BY - DT 6% (2.5%) relat. unc. after Run 3 (Upgrade II)
* R(AY) 4% (2.5%) relat. unc. after Run 3 (Upgrade II) 0




o LFV branching fractions enhanced to 10-!! in certain models of leptoquarks, Z’ [Medeiros Varzielas, Hiller, JHEP 06 (2015) 072]

Lepton flavour (number) violation

o LHCb was the first experiment to search for LFV 1 decays in a hadron collider

Searches for B - Keu, B - K*°1(- nmmv)u, B
— Kt(- mrrv)u and A), - A%eu are ongoing
* Using Runl + Run2 data expects limits O(107)
and 0(10) for B » Keu and B —» K*tyu,

respectively

Complementary as charged lepton FV couplings
among different families are expected to be

different

Multi-body final states: allow the measurement of

more observables

e Search for Bg) — pu~

(also Baryon number violating)
BB - pu~) < 2.6(3.1) x 107 @90%(95%) C.L.
B(B? - pu~) < 1.2(1.4) x 107 @90%(95%) C.L.
LHCb-PAPER-2022-022 (in preparation)

20 25 3
B(Bl— pu’)

e Search for B® » KY7%,* 5

e 08fN

- partial t* - z*n*2~(x%)7, reconstruction °f

o4

BB - K071u™) < 1.0(1.2) x 10~° @90%(95%) C.L.

-+
]
(=TSN

PRELIMINARY 7
LHCh ] 04f

9"

[ T
PRELIMINARY

LHC
9"

e 0 10

BB° - K07 ut) < 8.2(9.8) x 107 @90%(95%) C.L. o
LHCb-PAPER-2022-021 (in preparation)

e Search for B® - K% u*e* and B? — ¢u*e™
B(B° - K"%ute™) < 5.7(6.9) x 10~° @90%(95%) C.L.
BB° - K% et) < 6.8(7.9) x 10~° @90%(95%) C.L.
BB° - K%u*e¥) < 10.1(11.7) x 10~ @90%(95%) C.L.
B(BY - puTe™) < 16.0(19.8) x 10~° @90%(95%) C.L.
LHCb-PAPER-2022-008

Candidates ( 25 MeV/c?)

0 s 10

10 15 2 15 2
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25,
F -8 PRELIMINARY LHCb
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20 B'—K"ute-
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15 i —total bkg.

e Efni.ﬁii
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0 |InlIAIIIl|ﬂIIIIIII\

--- combinatorial bkg.
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semileptonic + 7
----- sig. scaled
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m(K 7 pre) [MeV/c?]

x10”
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Prospects for selected flavour observables

Observable Current LHCb LHCb 2025 Belle 11 Upgrade II GPDs Phase 11
EW Penguins
Rk (1< ¢® < 6GeV3ct) 0.1 [255] 0.022 0.036 0.006 -
Ri+ (1< ¢ < 6GeV3ch) 0.1 [254 0.029 0.032 0.008 =
Ry, Rpk, R T - 0.07, 0.04, 0.11 - 0.02, 0.01, 0.03 -
CKM tests
7, with B - Df K~ (151128} 4° ~ 14 -
7, all modes (RS @ 1.5° 1.5° 0.35° -
sin 283, with B® — J/¢K? 0.04 [569 0.011 0.005 0.003 =
¢, with Bg = J/Yo 49 mrad [32| 14 mrad 4 mrad 22 mrad
¢s, with BY — D¥ D7 170 mrad (37 35 mrad - 9 mrad -
5% with BY — ¢¢ 150 mrad 571 60 mrad - 17 mrad Under study
a%, 33 x 1074 [193] 10 x 10~4 - 3 x 10~4 -
Vs |/ Vs 6% [186] 3% 1% 1% -
BS, BO—)[L+[t_
B(BY = ptu™)/B(B? — ptu™) 90% [244] 34% - 10% 21% [573]
TBO syt~ 22% [244] 8% - 2% -
i - = - 0.2 -
b — cl~v; LUV studies
R(D*) 9% W 3% 2% 1% -
R(J/v) 25% (202] 8% - 2% -
Charm
AAcp(KK — ) 8.5 x 1074 [574 1.7 x 1074 5.4 x 10~4 3.0x 1075 -
Ar (= zsing) 2.8 x 1074 [222 4.3 x 1075 3.5x 1075 1.0 x 107° -
zsin ¢ from D° — K+tn~ 13 x 1074 [210] 32x10™4 4.6 x 10~4 8.0 x 107° -

z sin ¢ from multibody decays

(K3rm) 4.0 x 1075

(K97m) 1.2 x 104

(K3rm)8.0x 1076

Based on extrapolations from
current measurements, and
take no account of detector
improvements apart from an
approximate  factor  two
increase in efficiency for
hadronic modes,
from the full software trigger
that will be deployed from

Run 3 onwards.

coming
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FCNC transitions %

LFU will play a large role in Upgrade II physics case

Improvements: Reduce the material (e.g. RF-foil), improve
ECAL granularity, better Brem recovery algorithms

Upgrade II: 440k fully reconstructed B® —» K*0u*u~ will
allow a g?-unbinned approach = probe the SM
contributions, NP expected to have no q? dependence

Compare angular distr. B - K*%ete™/ B® - K*%utu~

Upgrade will provide thousands of b — d€* £~ decays
(e.g. 4300 B —» K*%u*u™ ), angular analysis possible

45k Bt - K*tete™ and 20k B® - K*%e*e™ in the
Upgrade IT — Ultimate precision on R <1%

Ry, Rpk, Ry, ... will be possible un Upgrade 11
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LLHCb Upgrade I (Runs 3 + 4)

e Major upgrade of all sub-detectors

— L peak = 2% 10Pecm 257!

pile-up =~ 35

— fully software trigger for
40MHz readout

- New pixel-detector VELO

Side View

Magnet SciFi RICH2
b\ my 1

RRLEL b i T
Vertex 2§ i ¥
Locator /|| *

upgrade

- New RICH mechanics, optics, photodetectors

- New Silicon strip upstream tracker UT (installation at end of year)

- New SciF'i tracker

- New electronics for MUON and CALO 1w

- New luminometer PLUME
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